Objective: To explore effects on serum lipids, pituitary -gonadal axis, prostate and bone turnover of the administration of the mixed oestrogen agonist/antagonist raloxifene in healthy elderly men. Participants: Thirty healthy men aged 60 -70 years randomly received raloxifene 120 mg/day (n ¼ 15) or placebo (n ¼ 15) for 3 months. Measurements: In this double-blind, placebo-controlled study, serum gonadotrophins, sex hormones, prostate specific antigen (PSA), a marker of bone turnover, urinary hydroxyproline (OHPro) and cholesterol were measured at baseline and after 3 months. Results: Raloxifene significantly increased serum concentrations of LH and FSH (by 29% and 21%), total testosterone (20%), free testosterone (16%) and bioavailable testosterone (not bound to sex hormone-binding globulin (SHBG; 20%). In parallel with testosterone, 17b-oestradiol also increased by 21%. SHBG increased by 7%. Total cholesterol (TChol) decreased significantly, from 5.7 to 5.5 mmol/l (P ¼ 0.03). Low-density lipoprotein cholesterol (LDL-c) and high-density lipoprotein cholesterol (HDL-c) showed a trend to decrease. Overall, there was no change in urinary OHPro/creatinine ratio as a marker for bone resorption. However, the raloxifene-induced increases in both serum testosterone and 17b-oestradiol were significantly related to a lower OHPro/creatinine ratio. Total PSA increased by 17% without significant changes in free PSA or free/total PSA ratio. Participants reported no side effects and raloxifene was well tolerated. Conclusion: In healthy elderly man, raloxifene 120 mg/day for 3 months increased LH, FSH and sex steroid hormones. Potentially beneficial effects were the small but significant decrease in TChol and the trend towards a decrease in LDL-c. Negative effects were the trend towards a decrease in HDL-c and the significant increase in serum PSA. A decrease in markers of bone resorption during raloxifene treatment was found only in men with relatively high increases in serum testosterone and 17b-oestradiol. Overall, there were no clear beneficial effects of administration of raloxifene to ageing men in this preliminary investigation.
Introduction
The favourable effects of raloxifene on bone mineral density and on surrogate markers of cardiovascular disease in postmenopausal women are now well documented (1 -4). Raloxifene is a non-steroidal partial oestrogen agonist (also called a selective oestrogen receptor modulator or SERM) with mixed agonist and antagonist properties that vary in different tissues. For a number of reasons, its use might also have potential benefits in ageing men. Androgen concentrations decline over a man's lifetime (5) , and in about 20% of men older than 60 years the serum concentrations of testosterone are in the hypogonadal range (6). Administration of a SERM might increase gonadotrophins and, subsequently, testosterone concentrations; furthermore, although traditionally perceived as 'female hormones', oestrogens appear to have significant physiological effects in the male biological system (7, 8) . Oestrogens exert beneficial effects on skeletal growth and bone maturation. In old age, they are better predictors of bone fractures than androgens (9) . The effects of oestrogen on the brain are increasingly becoming clear: they affect cognitive function, co-ordination of movement, pain and affective state, and may be protective against Alzheimer's disease (10) . The effects of oestrogen on the cardiovascular system in males include those on lipid profiles, fat distribution, endocrine/paracrine factors produced by the vascular wall (such as endothelins, nitric oxide), blood platelets, inflammatory factors and coagulation (8, 11 -14) . Recent evidence also points to a role of oestrogens in male sexual functioning, particularly on libido (15) . There may, however, be potentially adverse effects of oestrogens on the prostate. Prostate disease occurs typically in old age, when there is usually a shift in the oestrogen/androgen ratio in favour of oestrogens. Oestrogens have been reported to induce androgen receptors in the stroma of the prostate, thus contributing to the development of benign prostate hyperplasia (14, 16) . The relationship between circulating oestrogen concentrations and prostate cancer is unclear.
Tamoxifen, another partial oestrogen agonist and antagonist, has been widely used for the prevention and treatment of breast carcinoma in pre-and postmenopausal women (17, 18) . It has long been noted to reduce the risk of fatal and non-fatal myocardial infarction in postmenopausal women (19, 20) . Studies with tamoxifen have been performed in men. Treatment with tamoxifen for 56 days in men with and without advanced arteriosclerosis had beneficial effects on markers of cardiovascular risk (21) . In these men, tamoxifen decreased serum total cholesterol (TChol), triglycerides, lipoprotein(a) and fibrinogen, and it also substantially decreased endothelium-dependent flow-mediated vasodilatation. A negative effect of tamoxifen was a decrease in high-density lipoprotein cholesterol (HDL-c) (21) . Treatment with raloxifene 60 mg/day in hypercholesterolaemic men for 1 month significantly decreased TChol, but without any significant effect on low-density lipoprotein cholesterol (LDL-c), HDL-c, triglycerides and lipoprotein(a) (22) . In postmenopausal women, raloxifene used for prevention and treatment of postmenopausal osteoporosis (1, 23), exerts beneficial, oestrogen-agonistic effects on cardiovascular risk factors (3, 24 -26) . Unlike tamoxifen, raloxifene does not stimulate endometrial tissue in postmenopausal women (2).
Ideally, in men these partial oestrogen agonists/antagonists would increase the production of testicular androgen by its antioestrogenic effects on the hypothalamo -pituitary unit and, at the same time, by its oestrogenic actions, have beneficial effects on bones, cardiovascular risk factors and psychosexual functioning. There is only limited information on the effects of the administration of raloxifene to men in whom circulating concentrations of 17b-oestradiol are higher than in postmenopausal women (9) . In the present study in elderly males, we explored the effects of raloxifene on serum lipids, pituitary-gonadal axis, prostate and bone turnover. Raloxifene was given in a dose of 120 mg/day, double the dose used in a previous study (27) . Naturally, a new drug with both oestrogenic and antioestrogenic effects may have potentially hazardous effects on male (patho)physiology such as the prostate. Therefore, the duration of the study was limited, and only ageing men who had completed their procreation were admitted to the study. The administration of an oestrogen receptor antagonist to men is not novel: the similarly dually active compound, tamoxifen, has been administered to many thousands of men as a fertility-promoting drug, and no side effects have been reported in the literature. In addition, raloxifene treatment in men for 6 months was found to have no significant side effects (27) .
Participants and methods

Participants
Thirty healthy men aged between 60 and 70 years were included in this study. They were recruited through newspaper advertisements and from posters distributed in the VU University Medical Centre. The men underwent a screening questionnaire by phone. Exclusion criteria were: history of stroke, Parkinson's disease or psychiatric disorder; thromboembolic events in the participant or his first-degree relatives; chronic liver or kidney disease, or both; endocrine diseases including bone diseases; cardiovascular or prostatic disease. Other contraindications were the use of medication for prostate, cardiovascular system and bone metabolism. Medication influencing cerebral function or the hormones of the pituitary-gonadal and adrenal axis was a ground for exclusion, as were complaints with respect to libido, psychosexual disorders, and the intention to father children. Hypertension was not an exclusion criterion. The men were randomly assigned to receive raloxifene hydrochloride 120 mg/day (n ¼ 15) or placebo (n ¼ 15). The medication was identically packaged, so that both the study men and the researchers were blinded to the medication given. The study was conducted on an outpatient basis according to the principles of the Declaration of Helsinki and was approved by the medical ethics review board of the VU University Medical Centre of Amsterdam. Informed consent was obtained from all volunteers after oral and written information had been given.
General procedures
At baseline, smoking status (yes/no), weight and blood pressure were recorded. After the participant had completed a medical history questionnaire, a physical examination including digital rectal prostate examination was performed. Blood samples at baseline and after 3 months of treatment were collected between 0800 h and 1130 h, after an overnight fast. The samples were stored at 2 70 8C until required for analysis. In addition, participants collected 2-h fasting urine samples for measurement of bone resorption, for which urine hydroxyproline (OHPro)/creatinine ratio was used as a marker (28) .
Laboratory variables
At baseline and after 3 months, serum calcium, phosphate, alkaline phosphatase and albumin were measured using standard laboratory methods. Serum TChol and triglyceride concentrations were measured by colorimetry and HDL-c by a direct method (Roche Diagnostics). LDL-c was calculated by the Friedewald formula. Urine OHPro was measured by high performance liquid chromatography as described previously (29) . Urine creatinine was measured by the Jaffé method (Roche Diagnostics). The urine OHPro/creatinine ratio was calculated ( £ 1000). Serum 17b-oestradiol was measured by RIA (Double Antibody, Diasorin Biomedica, Saluggia, Italy), with an intra-assay coefficient of variation (CV) of 14%. Serum luteinizing hormone (LH) and follicle-stimulating hormone (FSH) were measured by an immunometric assay (Fluorescense, Delfia, Wallac, Turku, Finland); the intra-assay CVs were both 3%. Sex hormone-binding globulin (SHBG) was measured by immunoradiometric assay (Orion Diagnostica, Espoo, Finland) with an intra-assay CV of 4%. Serum total testosterone was measured by RIA (Coat-A-Count, Diagnostic Products Corporation, Los Angeles, California, USA), intra-assay CV 6%. Free and bioavailable (not bound to SHBG) testosterone were calculated by making a syntax for SPSS computer program using the free testosterone calculator on www.issam.ch (The International Society for the Study of the Aging Male). For this calculation, total testosterone, albumin and SHBG values are needed. This calculator was developed at the Endocrine Department, University Hospital of Gent, Belgium, on the basis of the findings of an earlier study (30) . Serum total and free prostate specific antigen (PSA) were measured using an immunometric assay (Luminescence, Abbott Laboratories Diagnostic Division, Abbott Park, Illinois, USA); the intra-assay CVs were both 5%. All hormonal and PSA specimens from a single participant were run in the same assay batch.
Statistical analysis
The SPSS for Windows 9.0 computer program was used for statistical analyses. Values given and changes from baseline are means^S.E.M. (unless otherwise stated). Variables with a skewed distribution (oestrogen, total PSA, triglyceride and urinary calcium/creatinine and OHPro/creatinine ratio) are given as the geometric mean with the 95% confidence interval. Because of the small numbers of participants, non-parametric tests were used. The Mann -Whitney U-test was used to test group differences at baseline and to evaluate differences between treatment group and placebo. For the change within the two treatment groups compared with baseline, the Wilcoxon Signed Rank Test was used. Correlations between baseline characteristics and changes from baseline and treatment effects were calculated using Spearman's rank correlation. P values less than 0.05 were considered statistically significant.
Results
General characteristics
At baseline there was no differences in age, weight, smoking status or blood pressure between the treatment groups. In both placebo-treated and raloxifene-treated men, weight increased, but this increase was significantly different from baseline only with raloxifene (2.5 kg, compared with 1.4 kg for placebo; P 0.02; Table 1 ). During the 3 months of treatment, there was no significant change in blood pressure in either placebo or raloxifene treatment group.
Gonadotrophins and sex hormones
Values were not different at baseline in the two treatment groups. One man, receiving placebo, had a hypogonadal value of serum total testosterone [6.9 nmol/l (normal value . 8 nmol/l)], with LH 2.8 U/l and FSH 3.9 U/l. In the placebo group, no change in gonadotrophins and sex hormones occurred. In contrast, raloxifene induced significantly greater serum concentrations of LH (change from 3.7 to 4.5 U/l; P ¼ 0.008) and FSH (change from 6.0 to 7.7 U/l; P ¼ 0.001) ( Table 1) . This increase in gonadotrophins, especially that in LH, was accompanied by increases in serum total testosterone (from 17.1 to 20.1 nmol/l; P ¼ 0.003) and 17b-oestradiol (from 74.2 to 87.5 pmol/l; P ¼ 0.03). These increases in serum testosterone and 17b-oestradiol showed no significant relationship with their baseline serum values, in both the group receiving raloxifene and that given placebo.
Lipids
As shown in Table 1 , at baseline significantly greater HDL-c concentrations were found in the raloxifene treatment group than in the placebo group (1.63 mmol/l compared with 1.39 mmol/l; P ¼ 0.02). In addition, the baseline concentration of triglyceride was significantly lower in these men (1.2 mmol/l compared with 1.7 mmol/l; P ¼ 0.016). After 3 months of treatment with raloxifene, TChol decreased significantly, from 5.7 to 5.5 mmol/l (P ¼ 0.03). In addition, in the men treated with raloxifene, non-significant trends to lower LDL-c (2 4.5%) and HDL-c (2 2.3%) values were observed.
Prostate
The range of PSA and free PSA concentrations at baseline for all men in the study were 0.4 -7.8 mg/l and 0.11-1.38 mg/l, respectively. At baseline there was no difference in total and free PSA and the calculated ratio between the groups receiving raloxifene and placebo (Table 1) . Treatment with raloxifene significantly increased total PSA, from 1.2 to 1.4 mg/l (P ¼ 0.036; Table 1 ). No change was found in the value of free PSA or the free/total PSA ratio. There was no correlation between concentrations or changes in concentrations of both total testosterone and oestrogen and basal PSA concentrations or changes in serum PSA concentrations during treatment with raloxifene.
Bone turnover
There were no known cases of osteoporosis or recent bone fractures in the men included in the study. In this study, raloxifene had no effect on serum phosphate, alkaline phosphatase or the fasting urine calcium/creatinine and OHPro/creatinine ratios. Serum calcium decreased from 2.31 to 2.28 mmol/l (P ¼ 0.02) with raloxifene (Table 1) . This significant decrease in serum calcium concentrations persisted after correction for serum albumin concentrations. No significant relationship between baseline serum 17b-oestradiol or testosterone and change in urinary calcium/creatinine or OHPro/creatinine ratio was found. However, during treatment with raloxifene, a clear relationship between increases in serum testosterone or 17b-oestradiol concentrations and OHPro/creatinine ratio was observed (Fig. 1) . The increase in both serum 17b-oestradiol and total testosterone during treatment with raloxifene was significantly related to a low OHPro/creatinine ratio (R ¼ 2 0.58, P ¼ 0.024, for serum total testosterone and R ¼ 2 0.72, P ¼ 0.002, for serum17b-oestradiol).
Side effects
During the 3 months of raloxifene treatment, no serious adverse effects such as thromboembolism occurred. Compliance was good as assessed by tablet counts, and there were no withdrawals from the study. There were no reports of prostatic complaints, erection problems or decreased libido. One man, in the raloxifene treatment group, reported an improvement in urine flow. Another man treated with raloxifene reported breast tenderness without signs of gynaecomastia, but this did not cause him to stop the medication. An increase in muscle cramps of the legs was reported in three men in the placebo group and one man in the raloxifene group.
Discussion
Raloxifene is a non-steroidal drug with partially agonistic oestrogenic and partially antioestrogenic properties. In postmenopausal women (whose endogenous oestrogen concentrations are very low) its oestrogenic properties are utilized for the prevention and treatment of osteoporosis. Clinical trials with raloxifene in postmenopausal women have also shown beneficial effects on surrogate markers of cardiovascular disease (3, 24 -26) . Because of the antioestrogenic effects, raloxifene seems to reduce the risk of breast cancer (31, 32) and does not stimulate endometrial tissue in postmenopausal women (2, 33).
In postmenopausal women with low endogenous oestrogens, raloxifene decreases serum FSH without affecting serum LH or serum 17b-oestradiol, whereas serum SHBG increases. These effects are interpreted as oestrogenic. The effect of raloxifene on serum testosterone in women is unknown (34, 35) . Raloxifene and another mixed oestrogen agonist/antagonist, tamoxifen, have been studied in men. Serum concentrations of total and bioavailable (not SHBG bound) 17b-oestradiol are approximately twice as high in men as in postmenopausal women (9): in both young and elderly men, mean serum total 17b-oestradiol concentrations are in the range 88^24 pmol/l (14) . Bioavailable oestrogen concentration decreases by about 47% from the age of 25 years to 85 years in men, as a result of the increase in serum SHBG concentrations (9) . It is thus noteworthy that the effects of tamoxifen and raloxifene in men occur in individuals with significantly greater serum concentrations of bioavailable 17b-oestradiol, compared with their use in postmenopausal women, in whom 17b-oestradiol concentrations are very low. Tamoxifen used in male infertility increases serum concentrations of LH, FSH and testosterone (36, 37) . Treatment of elderly males with raloxifene 60 mg/day increased only serum FSH significantly, with no effect on serum LH and testosterone (27) . In our study, administration of raloxifene 120 mg/day significantly increased the concentrations of gonadotrophins, so there is probably a dose-dependent effect of raloxifene on gonadotrophin secretion. In adult men, 17b-oestradiol inhibits LH and FSH secretion (38) , and the increase in serum LH and FSH are probably best explained by an antioestrogenic effect of raloxifene on the male pituitary -hypothalamus axis. Probably, serum total testosterone and 17b-oestradiol concentrations increased secondarily to the increase in serum LH. No relationship was found between baseline serum concentrations of total testosterone and oestrogen and the quantitative increase in both sex hormones during raloxifene treatment. We found a significant relationship between change (increase) in serum LH and the change (increase) in serum testosterone concentrations. The increase in SHBG, produced by the liver (39), can be a direct effect of the increase in serum 17b-oestradiol concentration or the result of the oestrogen-agonistic effect of raloxifene, occurring in spite of an increase in serum testosterone that decreases SHBG production. The values of both total and free serum testosterone increased by about 20%. It is now well documented that, in the ageing male, serum total testosterone concentrations -and, to an even greater extent, those of free testosterone -decline. Several clinical studies show beneficial effects of testosterone supplementation on bone and muscle mass in ageing men with decreased testosterone concentrations, although study findings have not been unanimously positive (40) (41) (42) (43) (44) .
In our study, serum total PSA concentrations increased significantly during treatment with raloxifene, but without significant changes in serum free PSA concentrations and the free/total PSA ratio. This is probably the result of the increase in serum testosterone concentrations, as this increase in serum PSA can also be seen during treatment of hypogonadal males with testosterone (45, 46) . In vitro, raloxifene induces apoptosis in androgen-responsive and androgen-independent human prostate cancer cell lines (47, 48) . These findings suggest that agents with mixed oestrogen agonist/antagonist effects might be potential targets for therapeutic strategies in patients with prostate cancer.
In addition to androgens, oestrogens have an important role in male bone (patho)physiology. Oestrogens are important for bone mineral density, circulating concentrations having a key role in determining peak bone mass in young men. Bone loss is greater when serum concentrations of bioavailable 17b-oestradiol are low in elderly men (9, 49, 50) . In addition, bone mineral density was positively associated with greater serum 17b-oestradiol concentrations in elderly men (51) . Age-related decreases in serum bioavailable 17b-oestradiol, especially concentrations less than 40 pmol/l, may be a major predictor of bone loss in elderly men (for review see (7)). It was therefore of interest to monitor the effects of the administration of raloxifene on surrogate markers of bone metabolism in the men in our study. In the study, we measured total serum alkaline phosphatase and 2 h fasting urine OHPro/creatinine ratio as markers of bone metabolism. Treatment with 120 mg raloxifene for 3 months had no significant effects on any of the markers. A negative correlation was apparent between the increase in serum total oestrogen and testosterone concentrations with raloxifene and the used marker of bone resorption. This reduced bone resorption could be the effect of an increase in total 17b-oestradiol resulting from increased aromatisation of testosterone; however, it may also have been the result of the increase in serum testosterone itself. The lack of a demonstrable effect of raloxifene on bone markers may have been attributable to our laboratory methods. Urine OHPro is a rather unspecific marker of bone resorption, as it is derived from the degradation of various forms of collagen and also from the diet (28) . In postmenopausal women with osteoporosis, the effects of raloxifene have been well studied: it decreases the risk of vertebral fractures, but not of hip fractures, bone mineral density increases in both lumbar spine and hip, and markers for bone turnover decrease by about 40% (1, 4, 23). One other study in elderly men also investigated the effects of raloxifene on bone turnover (27) . This study found no net effect of raloxifene 60 mg/day on bone resorption in elderly men. However, in a subset of men with low serum total 17b-oestradiol concentrations, raloxifene seemed to decrease bone resorption (27) . We did not find such an effect, but we have not used the more sensitive marker of bone resorption, urine deoxypyridinoline. Thus, in men, raloxifene might exert some effect on bone metabolism only if serum concentrations of 17b-oestradiol are low.
Administration of raloxifene to postmenopausal women produced modest beneficial effects on surrogate markers of cardiovascular risks. In most studies, administration of raloxifene decreased serum TChol and LDL-c, whereas no effects on serum HDL-c and triglyceride were noted (2, 3, 24). In our study, a small but significant decrease in serum TChol, with a trend to a decrease in serum concentrations of LDL-c and HDL-c, was noted. No effect was found on serum triglyceride concentrations. The findings of other studies showed a decrease in TChol (22) or no effect (27) . This effect may be dose dependent, as we used a greater dose of raloxifene. No serious side effects occurred during treatment with raloxifene, and the increase in serum 17b-oestradiol did not cause gynaecomastia.
In summary, our study in healthy elderly men showed that raloxifene 120 mg/day for 3 months increased serum LH, FSH and sex steroid hormone concentrations. In addition, a small but significant decrease in serum TChol was found, without an associated effect on serum LDL-c, HDL-c and triglyceride. The significant increase in serum total PSA was probably the result of the increase in serum testosterone; its pathophysiological significance is uncertain, as there is no strong evidence of a relationship between serum concentrations of testosterone and (future) prostate pathology (52) . For the entire group, no change in markers of bone resorption was found. Only in the men with a relatively greater increase in serum total testosterone and oestrogen in response to raloxifene administration was a decrease in the markers of bone resorption found. This seems to be comparable to the findings of others who treated men older than 65 years with testosterone (41) . Only those men with low serum testosterone concentrations before treatment exhibited an increase in lumbar spine bone density.
In conclusion, we have failed to prove our hypothesis that increasing plasma testosterone by means of the mixed oestrogen agonist/antagonist, raloxifene, might have beneficial effects on androgen-and oestrogendependent organs/systems. Beneficial effects, if any, were of marginal magnitude, and we found no indications for the administration of raloxifene to ageing men. 
